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Summary. Fifty formalin-fixed and paraffin-em- 
bedded retinoblastoma specimens and five normal 
human eyes were studied with the monoclonal anti- 
Leu-7 antibody, directed against he HNK-1 car- 
bohydrate pitope that is shared by human natural 
killer cells and many neuronal, glial and neuroecto- 
dermal cells. The laboratory method was a sensi- 
tive immunohistochemical staining procedure, and 
neuroectodermal tumours that usually express this 
epitope were used as positive controls. In the hu- 
man retina, Mfiller cell membranes were positively 
stained, but additional staining of neuronal cells 
was not excluded at the light microscopical level. 
A positive cytoplasmic reaction was also seen in 
ciliary and retinal pigment epithelial cells. All but 
one intraocular retinoblastomata studied con- 
tained cells staining positively for the HNK-1 epi- 
tope, but these cells were probably not neoplastic. 
Although positive reaction has previously been re- 
ported in three retinoblastomata, the present re- 
sults suggest hat positive cells are derived from 
entrapped and infiltrated retina. Staining of adja- 
cent sections against leukocyte common antigen 
suggested that the positively staining cells were not 
natural killer cells. 
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Introduction 
The monoclonal antibody HNK-1 was originally 
raised against a membrane fraction of the HSB-2 
human T-lymphoblastoid cell line and selected be- 
cause it specifically labelled a subset of lympho- 
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cytes enriched in natural killer and killer cells (Abo 
and Balch 1981). It detects a carbohydrate epitope 
shared by many macromolecules. This epitope has 
been demonstrated on myelin-associated glycopro- 
tein (McGarry etal. 1983; Nobile-Orazio etal. 
1983; Sato et al. 1983), on murine neural cell adhe- 
sion molecules N-CAM, L1 and J1 (Kruse et al. 
1984, 1985; Wernecke t al. 1985; McGarry et al. 
1985), on a glycosphingolipid of human peripheral 
nerves (Ilyas et al. 1984; Chou et al. 1985), as well 
as on several as yet uncharacterized glycoproteins 
of central and peripheral nervous tissue and neuro- 
endocrine secretory granules (Nobile-Orazio et al. 
1983; O'Shannessy etal. 1985; Tischler etal. 
1986). It is also shared by two membrane proteins 
on large granular lymphocytes of human peripher- 
al blood (Kubagawa et al. 1983). 
The HNK-1 epitope is resistant o fixation in 
formalin and embedding in paraffin (Lipinski et al. 
1983). In addition to large granular lymphocytes 
of lymphoid organs and myelin sheaths of central 
and peripheral nerves (Mori et al. 1983; Schuller- 
Petrovic etal. 1983; Ando and Tamaki 1985) 
HNK-1 antibody stains many normal and malig- 
nant neuronal, glial and neuroectodermal ce ls and 
cells of the amine precursor uptake and decarboxy- 
lation (APUD) system (Lipinski et al. 1983; Tsut- 
sumi 1984; Caillaud et al. 1984; Shioda et al. 1984; 
Wahab and Wright 1985; Bunn et al. 1985; Motoi 
et al. 1985; Smolle et al. 1985; Perentes and Rubin- 
stein 1985, 1986). During embryogenesis, the epi- 
tope is expressed on multipotential g ial and neuro- 
nal precursor cells (Kruse et al. 1984, 1985; Tucker 
et al. 1984; McGarry et al. 1985; Wernecke t al. 
1985; Bronner-Fraser 1986) and it is thought to 
be important in cell-cell and cell-substratum inter- 
actions during differentiation. Consequently, its 
distribution in embryonal turnouts has received at- 
tention (Caillaud et al. 1984; Perentes and Rubin- 
stein 1986). 
Retinoblastoma is a malignant umour of the 
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neura l  ret ina,  but  its precise cell o f  or ig in and  l ines 
o f  d i f fe rent ia t ion  are d i sputed  (Tso 1980). Genera l -  
ly it has been cons idered  a neurona l  or  neuroecto -  
dermal  tumour  w i thout  gl ial  d i f ferent iat ion.  Re-  
cent immunoh is tochemica l  evidence has suggested,  
however ,  that  an embryona l  mul t ipotent ia l  precur -  
sor  cell m ight  give raise to re t inob las toma (Kyr i ts is  
et al. 1984; J iang et al. 1984; Mo lnar  et al. 1984). 
The present  s tudy was under taken  to c lar i fy the 
d i s t r ibut ion  o f  the HNK-1  carbohydrate  ep i tope  
in human ret ina and  re t inob las toma to help to un-  
ders tand  the genesis o f  this tumour .  Ant ibod ies  
to leukocyte  common ant igen were used to help 
to d i f ferent iate  pos i t ive ly  s ta in ing cells f rom natu-  
ral  k i l ler  cells. 
Materials and methods 
Histological specimens. During the years 1962-1985 a total of 
66 retinoblastoma specimens from 57 patients have been exam- 
ined in the Ophthalmic Pathology Laboratory, Department of 
Ophthalmology, Helsinki University Central Hospital. In 
50 cases from 46 patients the formalin-fixed and paraffin-em- 
bedded turnout was still available. These retinoblastomata were 
reported to be unilateral in 29 cases and bilateral in 20 cases. 
One tumour was an orbital recurrence. 
In addition to the light microscopically normal appearing 
parts of the retinas present in the retinoblastoma specimens, 
retinas from five formalin-fixed and paraffin-embedded normal 
human eyeglobes enucleated because of a retrobulbar tumour 
were studied. 
Formalin-fixed and paraffin-embedded specimens from 
two oligodendrogliomas, pheochromocytomas, ileal carcinoid 
tumours, pulmonary oat cell carcinomas and prostatic adeno- 
carcinomas were kindly provided by docent Markku Miettinen 
from the Department of Pathology, University of Helsinki, to 
serve as positive control material. Two orbital ymphomas were 
used as positive controls in stainings against leukocyte common 
antigen. 
Sections (5 gm thick) were cut from the specimens and 
mounted on chromium-gelatin-treated glass slides to ensure ad- 
herence (0.05 g potassium chromium(III)sulphate dodecahyd- 
rate and 0.5 g gelatin in 100 ml distilled water). 
Immunohistochemieal staining. Immunohistochemical staining 
to demonstrate he HNK-1 epitope was carried out using a 
commercial version (Vectastain ABC Kits for Mouse IgG and 
IgM, Vector Laboratories, Burlingame, CA) of the avidin-bio- 
tinylated peroxidase method (Hsu and Fanger 1981). 
In brief, the sections were routinely deparaffinized in xylene 
and hydrated in an ethanol series. Endogenous peroxidase ac- 
tivity was destroyed as previously described (Kivel/i and Tark- 
kanen 1983). Non-immunological binding of antibodies was 
blocked by incubation with normal serum (Vectastain ABC 
Kits, horse for anti-IgG and goat for anti-lgM secondary anti- 
sera) diluted 1 : 50 with phosphate buffered saline (PBS, pH 7.4) 
containing 2% bovine serum albumin (E. Merck, Darmstadt, 
FRG) for 30 min at room temperature. In preliminary stain- 
ings, delipidization i  acetone for 60 min (Schuller-Petrovic 
et al. 1983) or treatment with 0.4% pepsin (E. Merck, Darm- 
stadt, FRG) in 0.01 N hydrochloric acid at 37°C for 15 to 
60 min was found not to have any beneficial effect on the posi- 
tive staining reaction. 
The primary HNK-1 mouse monoclonal IgM-kappa nti- 
body was obtained commercially (anti-Leu-7, Cat. No. 7390, 
Lot H0707, Becton Dickinson Monoclonal Center, Mountain 
View, CA). The optimal dilution for the antibody as determined 
in preliminary stainings was found to be 1:100 (diluted with 
PBS-albumin). An irrelevant mouse monoclonal IgM-kappa 
antibody, directed against human dendritic reticulum cells 
(DAKO-DRC1, Code No. M709, Lot 025, Dakopatts a/s, Den- 
mark), diluted 1:5 was used as a control primary antibody 
(Naiem et al. 1983). 
Commercially available monoclonal antibodies to human 
leukocyte common antigen (DAKO-LC, Code No. M701, 
Lot 124, Dakopatts a/s, Denmark) diluted 1:10 in PBS-albumin 
were used to detect lymphocytes (Warnke et al. 1983). This 
product is a mixture of two mouse monoclonal IgG1 antibodies 
recognizing different epitopes on leukocyte common antigen, 
a group of membrane glycoproteins shared by most human 
leukocytes, including natural killer cells. Incubation with all 
primary antibodies was carried out in a moist chamber at 37 ° C 
for 60 rain. 
Two secondary antisera were used to detect he anti-Leu-7 
primary antibody. In one series, it was detected with horse 
anti-mouse-IgG (whole molecule) antiserum (Vectastain ABC 
Kit) which binds to the kappa light chain of the anti-Leu-7 
antibody. This antiserum was also used to detect DAKO-DRC1 
and DAKO-LC primary antibodies. In the other series, goat 
anti-mouse-IgM (mu-chain specific) antiserum was used (Vec- 
tastain ABC Kit) which binds to the heavy chain of the anti- 
Leu-7 antibody. Incubation with the secondary antiserum (di- 
luted 1:200 with PBS-albumin) was carried out in a moist 
chamber at 37 ° C for 30 min. 
Subsequent application of the avidin-biotinylated peroxi- 
dase complex (Vectastain ABC Kit) and treatment with 3-ami- 
no-9-ethyl-carbazole (Sigma Chemical Co., St. Louis, Mo) to 
generate the specific colour reaction were carried out as pre- 
viously described (Kivel/i and Tarkkanen 1983). A duplicate 
series stained with anti-mouse-lgG secondary antiserum was 
counterstained for 2 min in dilute Mayer's haematoxylin to fa- 
cilitate interpretation of staining results. All sections were 
mounted in Aquamount (BDH Chemicals Ltd, Poole, En- 
gland). 
Results 
Light microscopy 
The h is topatho log ica l  character is t ics  o f  the 50 re- 
t inob las tomata  examined are descr ibed in Tab le  1. 
In  add i t ion  to the five normal  eyeglobes,  there were 
par ts  o f  l ight mic roscop ica l ly  normal  appear ing  
ret ina  left for  s tudy  in 31 re t inob las toma speci-  
mens.  The cont ro l  tumours  demonst ra ted  typ ica l  
morpho logy  under  the l ight mic roscope .  
Immunohistochemical staining 
With  the monoc lona l  ant i -Leu-7  ant ibody ,  d i rected 
aga inst  the HNK-1  ep i tope,  myel in  sheaths o f  ex- 
t raocu lar  nerves (Fig.  1 A)  and  Schwann cells a long  
c i l iary nerves were pos i t ive ly  s ta ined in every ocu-  
lar  specimen.  In  the opt ic  nerve,  pos i t ive react ion  
accompan ied  nerve sheaths but  ast rocytes  were 
negat ive ly  sta ined.  Neop las t i c  cells in two oligo- 
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Fig. 1 A, B. Positive controls in 
the immunohistochemical staining 
for the HNK-1 epitope. A Myelin 
sheaths of orbital nerves stain 
intensely ( x 330). B Neoplastic 
cells of an ileal carcinoid tumour 
that infiltrate between egative 
smooth muscle cells demonstrate 
intense cytoplasmic staining 
( x 330) 
Table 1. Distribution of the intraocular retinoblastomata stud- 
ied into different clinicopathological groups 
Unilateral Bilateral Total 
Flexner-Wintersteiner 45% 60% 51% 
rosettes (n = l 3) (n = 12) (n = 25) 
Infiltration into the 24% 20% 22% 
choroid (n = 7) (n = 4) (n = 11) 
Infiltration into the 17% 20% 18% 
optic nerve (n= 5) (n= 4) (n= 9) 
n = 29 n = 20 n = 49 
One additional tumour was an orbital recurrence 
dendrogliomas, two pheochromocytomas, onecar- 
cinoid tumour and two prostatic adenocarcinomas 
were positive for the HNK-1 epitope, as were a 
small number of scattered lymphocytes in two or- 
bital lymphomas (Fig. 1 B). Two pulmonary oat 
cell carcinomas and one carcinoid tumour showed 
negative staining. These results agree with previous 
studies (Mori et al. 1983; Tsutsumi 1984; Caillaud 
et al. 1984; Motoi et al. 1985; Wahab and Wright 
1985). Substituting the primary antibody with an 
irrelevant mouse monoclonal IgM-kappa antibody 
abolished the positive staining reaction. Omitting 
the primary antiserum, the secondary antiserum 
or the ABC complex also resulted in a negative 
reaction. Identical results were obtained with both 
secondary antisera. 
In normal human eyes, positive reaction for 
the HNK-1 epitope was seen throughout the reti- 
nal layers (Fig. 2). Outer and inner segments of 
photoreceptor cells showed negative staining. In 
the region of the outer limiting membrane there 
was, however, a distinct discontinuous layer of 
positive staining reaction that seemed to be located 
between photoreceptor inner segments (Fig. 2A). 
In both nuclear layers there were radial fibers 
staining positively for the HNK-1 epitope, and 
some cell bodies were also apparently surrounded 
by a continous rim of positive reaction (Fig. 2A). 
In other specimens cross-sections f uch fibers 
were seen between photoreceptor cell nuclei. Both 
plexiform layers and the nerve fiber layer showed 
an extensive positive reaction that was associated 
with cell membranes (Fig. 2A). Footplates of 
Miiller's cells in the nerve fiber layer were limited 
by positively staining cell membranes (Fig. 2 B). In- 
traretinal blood vessels were also surrounded by 
HNK-I  positive cell processes (Fig. 2C). Cytoplas- 
mic staining was not seen in any cell type of the 
neural retina. There were no differences in staining 
patterns between morphologically normal appear- 
ing retinas from eyeglobes with retinoblastoma and 
those enucleated because of an orbital tumour. 
Positive cytoplasmic staining for the HNK-1 
epitope was noted in the ciliary pigment epitheli- 
um. Positive reaction was also present in the retinal 
pigment epithelium, where it was stronger near the 
ora serrata region as compared to the posterior 
pole. In the ciliary body area, there was additional 
positive staining of subepithelial connective tissue 
matrix. 
Cells staining positively for the HNK-1 epitope 
were seen in all but one intraocular etinoblasto- 
mata studied and the orbital recurrence examined 
was found to be negative (Figs. 3 and 4). The posi- 
tive cells were, however, usually associated with 
infiltrated retina, tumour stroma (Fig. 3A) and 
blood vessels (Fig. 3 B) rather than with undiffer- 
entiated retinoblastoma cells. However, many 
other stromal areas were negative for the HNK-1 
epitope. The Flexner-Wintersteiner rosettes did not 
Fig. 2A-C. The HNK-1 epitope in human retina (immunohistochemical st ining without counterstain). A Slender positively staining 
fibers are seen between negative photoreceptor cell inner segments (arrowhead). Radially oriented cell processes are observed 
in both nuclear layers, and some cell bodies are also apparently surrounded by a rim of positive reaction. At the light microscopical 
level it is not possible to say whether this reaction is located on Miiller cell or closely apposed neuronal cell membranes. Both 
plexiform layers and the nerve fiber layer show staining of celt processes ( x 250). B The staining pattern is similar except hat 
several footplates of Mfiller's cells (arrowhead) are seen in the nerve fiber layer, limited by positively staining membranes ( x 280). 
C An intraretinal blood vessel (arrowhead) is surrounded by positively staining cell processes (x  250). Prl is photoreceptor, onl 
and inl outer and inner nuclear, opl and ipl outer and inner plexiform, gcl ganglion cell, and nfl nerve fiber layer 
Fig. 3A-C. The HNK-1 epitope in 
retinoblastoma 
(immunohistochemical staining 
with haematoxylin counterstain). 
A An islet of fusiform stromal 
cells that are surrounded by 
negative turnout cells show 
positive staining reaction. Other 
stromal areas (s) are not stained 
( x 210). B Perinuclear and 
fibrillar positive staining reaction 
near infiltrated retina. Blood 
vessels are surrounded by 
positively staining cells (arrow). 
One cell process (arrowhead) 
coincidentally radiates through a 
Flexner-Wintersteiner rosette 
( x 210). C An isolated focus of 
small round cells that show 
positive perinuclear staining 
reaction in an otherwise negative 
tumour. These resemble neoplastic 
cells ( x 200) 
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Fig. 4A-C. The HNK-I epitope in 
retinoblastoma 
(immunohistochemical st ining 
without counterstain). A The 
typical positive reaction in ormal 
retina is lost where retinoblastoma 
(rbl) tumour cells apparently arise 
from the retina. Vit, vitreous body 
( x 80). B At the transition zone, 
the positive staining reaction in 
the inner nuclear layer (inl) 
resolves into slender cell 
processes, limited by positively 
staining cell membranes, 
suggesting their origin from 
Mfiller's cells. Opl and ipl are 
outer and inner plexiform layers 
( x 340). C Retinoblastoma cells 
infiltrate between similar cell 
processes een as cross-sections in 
another plane of section ( x 190, 
counterstained with haematoxylin) 
stain positively, but occasionally HNK-I  positive 
cell processes radiated through them (Fig. 3B). 
Isolated clusters of positively staining small round 
cells without apparent connection to infiltrated ret- 
ina were occasionally seen (Fig. 3 C). Positive reac- 
tion against the HNK-1 epitope quickly disap- 
peared where apparently normal retina was trans- 
formed into retinoblastoma tumour tissue (Fig. 4), 
and HNK-1 positive radial cell processes in such 
regions provided evidence to support he idea that 
M/iller's cells were stained (Fig. 4 B, C). Necrotic 
areas were often non-specifically stained. There 
was no correlation between different retinoblas- 
toma types studied (Table 1) and their reactivity 
with the HNK-1 epitope. 
With the monoclonal antibodies against leuko- 
cyte common antigen, all lymphocytes were stained 
in the two lymphoma controls (Fig. 5A). A few 
positively staining mononuclear cells were seen in 
chorioidea and iris stroma. The normal retinas 
were entirely devoid of any positive reaction. With- 
in retinoblastomata, a few infiltrating lymphocytes 
were seen to stain positively in eleven turnouts and 
small clusters of positive cells were detected in five 
additional cases (Fig. 5 B). These areas did not cor- 
respond to areas of cells staining positively with 
the anti-Leu-7 antibody. 
Discussion 
Immunohistochemical studies have demonstrated 
that expression of the HNK-1 epitope is not tissue- 
type specific. Schwann cells, oligodendrocytes and 
some neurones can all show positive staining reac- 
tion (Schuller-Petrovic et al. 1983; Motoi etal. 
1985; Perentes and Rubinstein 1986). Further- 
more, outside the nervous ystem neuroectodermal 
cells and endodermally derived APUD cells, as well 
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Fig. 5A, B. Immunohistochemical 
staining for leukocyte common 
antigen (without counterstain). 
A All lymphocytes in an orbital 
lymphoma used as a control show 
positive staining of cell 
membranes. Blood vessels and 
associated connective tissue 
(arrowhead) are negative ( x 180). 
B An accumulation of positively 
staining mononuclear cells, 
surrounded by negatively staining 
retinoblastoma cells. Additional 
lymphocytes show perivascular 
location (arrowhead) and infiltrate 
between tumour cells ( x 200) 
as certain unrelated cell types (including natural 
killer cells) are positively stained (Mori et al. 1983; 
Caillaud et al. 1984; Wahab and Wright 1985). 
The radial fibers observed with the anti-Leu-7 
antibody in both nuclear layers of the neural retina 
and the reaction seen between photoreceptor inner 
segments, possibly related to fiber baskets, suggests 
that the Miiller cell is one cell type expressing the 
HNK-1 epitope in human retina. The staining pat- 
tern was, however, very different from that pre- 
viously observed in human Miiller's cells with anti- 
bodies against vimentin and glial fibrillary acidic 
protein (Kivel/i et al. 1986), and with a monoclonal 
antibody against his cell type (Chan et al. 1984). 
These antibodies seem to stain cytoplasmic compo- 
nents of Mfiller's cells, whereas the HNK-1 epitope 
is primarily associated with cell membranes. The 
prominent staining observed in both plexiform 
layers suggests that some neuronal cell types may 
also express the HNK-1 epitope. Likewise, in the 
developing avian neural retina putative ganglion 
cell bodies and nerve processes in both plexiform 
layers have been shown to stain positively with 
anti-HNK-1 antibodies (Tucker et al. 1984). Im- 
munoelectronmicroscopical studies will confirm 
which cell types express the HNK-1 epitope in hu- 
man retina. 
The staining pattern observed was very similar, 
even though not identical, to that reported by Ste- 
fansson et al. (1984) and Molnar et al. (1986) with 
monoclonal antibodies against myelin-associated 
glycoprotein (MAG), one of the macromolecules 
sharing the HNK-1 epitope (McGarry et al. 1983; 
Nobile-Orazio et al. 1983; Sato et al. 1983). These 
antibodies were thought o stain Mfiller's cells in 
normal human retina and in one of their seven 
retinoblastomata (Molnar et al. 1984). Monoclon- 
al antibodies raised against MAG often detect 
identical or closely related carbohydrate epitopes 
to that recognized by the HNK-I antibody (No- 
bile-Orazio et al. 1983; Dobersen et al. 1985). The 
monoclonal anti-MAG antibody of Stefansson 
etal. (1984) detects several higher molecular 
weight proteins in addition to MAG on immuno- 
blots of adult human retina and may thus also 
stain other antigens than MAG in tissue sections. 
While primitive multipotential precursor cells 
of the nervous system (Tucker et al. 1984) and 
many cells of adult human retina express the 
HNK-1 epitope, neoplastic ells in the fifty retino- 
blastomata studied were negative for this epitope. 
Many positive cells that usually derived from infil- 
trated retina or stromal elements were observed, 
although the possibility remains that some of these 
cells might have been eoplastic. Staining of adja- 
cent sections with antibodies against leukocyte 
common antigen suggested that they were not nat- 
ural killer cells. Some of these cells may be reactive 
astrocytes (Perentes and Rubinstein 1986). When 
compared with results from a previous study of 
the same retinoblastoma material (Kivet/i et al. 
1986), there were more stromal cells expressing the 
HNK-1 epitope than cells positive for glial fibril- 
lary acidic protein (GFAP) but vimentin-contain- 
ing cells were even more abundant. In addition, 
no lobular pattern was seen resembling that typical 
of vimentin distribution in retinoblastoma (Kivel/i 
et al. 1986). This suggests that HNK-1 positive le- 
ments were passively entrapped and infiltrated by 
tumour cells. 
One research group has previously reported 
positive staining for the HNK-I epitope in three 
paraffin-embedded retinoblastomata and in cells 
of the MS.Rb retinoblastoma cell line (Lipinski 
et al. 1983; Caillaud et al. 1984). They do not pro- 
vide evidence, however, that the positive cells seen 
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in histological sections were neoplastic ells and 
not related to infiltrated retina. Expression of the 
HNK-1 epitope is more common in cultured cell 
lines than in corresponding tumour specimens (Li- 
pinski et al. 1983; Cole et al. 1985). GFAP has also 
been observed in two retinoblastoma cell lines but 
usually not in tumour tissue (Kyritsis et al. 1984; 
Jiang et al. 1984; Molnar et al. 1984; Kivelfi et al. 
1986). Expression of these antigens in retinoblas- 
toma cultures may be a phenomenon related to 
cell growth in laboratory environment. Interest- 
ingly, pineoblastoma, nother malignant umour 
of supposed embryonal origin, has recently also 
been shown to be negative for the HNK-1 epitope 
(Perentes and Rubinstein 1986). 
The results of the present study suggest hat 
retinoblastoma cells are either derived from HNK- 
1 negative cell types of the human retina, or they 
lose the HNK-1 epitope during malignant transfor- 
mation. This epitope may be a useful adjunct when 
the relation of retinoblastoma cells to normal reti- 
na is studied. Further studies will also be needed 
to determine which antigens hare the HNK-1 epi- 
tope in these tissues. 
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